INTRODUCTION
Lake Crescent (57 km 2 ) is at 820 m altitude on the eastern edge of the Central Plateau in Tasmania and drains into the Clyde River. The lake supports a very minor fishery for the native short-finned eel, Anguilla australis, and there is also a recreational fishery for the exotic brown trout, Salmo trutta, and rainbow trout, Oncorhyncus my kiss. An endemic galaxiid, Galaxias auratus, is also abundant (Fulton 1990) . Another exotic fish, the European carp, Cyprinus ca rp io L., was discovered in 1992. This was the first report of this species from Tasmania since a population was found (and later eradicated) near Burnie in the early 1970s.
Population age data are helpful to assess the suitability of control methods like poisoning, drawdown and intensive fishing (Roberts & Tilzey 1997) , and to allow determination of recruitment and year-class strength (Mann 1991) . In cyprinids, scales and, to a lesser extent, opercular bones are used widely as indicators of age (Mann 1991) , and otoliths (especially lapilli) also have been employed (e.g. Backe Hansen 1982 , Mills 1988 , Mina 1989 , O'Maoileidigh & Bracken 1989 . In carp there are several potentially suitable structures (Vilizzi & Walker 1995) . For example, English (1952) and Rehder (1959) found scales and opercular bones to be good indicators of age and growth, and Wichers (1976) and Bishai & Labib (1978) judged fin rays and vertebrae, respectively, to be most convenient and reliable. No one method, however, has proved consistently effective.
The present study determined the age profile of the Lake Crescent carp stock based on length-frequency distributions and interpretation of otolith patterns, using techniques developed for carp in the River Murray, South Australia .
MATERIALS AND METHODS

Samples and Preparation
An aggregate sample of333 fish was provided by the Inland Fisheries Commission, obtained by electrofishing and netting in February-March 1995, September-November 1995 and January-February 1996. Four of the fish came from Lake Sorell ( catchment 103 km 2 ), which drains into Lake Crescent via a small artificial channel (table 1). The fish were sexed, when possible, and fork length (FL, ± 1,0 mm) and weight (W, ± 1,0 g) determined. Otoliths (asterisci) were recovered from 189 fish. In total 75 fish were interpreted for age from whole otoliths, 58 from sectioned otoliths, and 56 from both.
Whole otoliths were viewed immersed in water, with the distal side facing the observer and the ventral margin up, using a dissecting microscope (20-40X) and a dark t Indicates the sample size and number of fish interpreted for age (whole and sectioned otoliths).
background (reflected oblique light) . Under these conditions, an annulus was defined as a transition between a translucent (dark) and an opaque (light) zone. Annuli were counted on the distal side of the otolith, along the antero-dorsal region, at the level of the dorsal spike, a projection analogous to the antirostrum of the nonotophysan teleost sagitta (Pannella 1980 ) (pI. 1).
When possible, the left otolith of each pair was embedded in clear polyester resin in 8 mm thick blocks (about 62 mm 2 ), each containing 10-14 otoliths (depending on their size) with their nuclei carefully aligned. Three successive transverse sections (0·4-0·5 mm) were cut through the nucleus, using a low-speed lapidary saw (Augustine & Kenchington 1987) . Sections were polished with 1200-grit carborundum paper to enhance the visibility of the zones. The sections were examined under the same lighting conditions used for analysis of whole otoliths (transmitted light proved unsatisfactory).
Validation and Age Adjustment
Validation was based on marginal increment analysis (MIA) (Bagenal & Tesch 1978) , including marginal increment ratio analysis (MIRA) and edge type analysis (ETA) (Haas & Recksiek 1995) , with regard for the "edge interpretation problem" (Francis et al. 1992) . MIA elucidates relationships between the spatial patterns seen in calcified structures and the temporal patterns caused by environmental changes. The marginal increment ratio (MIR) was calculated as
where NE = distance from nucleus to outer edge, NLA = distance from nucleus to last-formed annulus, and NSA = distance from nucleus to second-last-formedannulus. Where there was only one annulus the denominator becomes the distance from nucleus to annulus. The edges of otoliths were recorded as "opaque" or "translucent", and, for the edge type analysis, the last-formed annulus was judged as C ("close") (MIR 50%), Z (other) (50% < MIR < 75%) or N ("now due") (MIR 75%), using a technique modified after Anderson et al. (1992a, b) .
Age adjustments allowing for the time of capture and the relative growth of whole and sectioned otoliths followed the procedure of , with minor modifications. January 1 was taken as the nominal birthdate of each annual cohort. This date corresponded to the onset of a protracted period of mean water temperatures exceeding 15°C, the minimal spawning threshold for carp (Sarig 1966 , Cuha & Mukherjee 1991 . The age of a fish with MIR 50% (new annulus forming), caught in November or December, was reduced by one year, regardless of the number of annuli. Similarly, the apparent age of a fish caught in January with MIR 75% (new annulus due) was increased by one year regardless of the number of annuli. In February, the age of a fish with more than one annulus but about to form a new annulus (MIR 75%) was increased by one year and, in March, the same adjustment was applied to fish with more than two annuli and MIR 75%. Adjustments were not needed for fish caught from April to October (table 2) .
Analysis
Length-frequency data and MIA were used to estimate the age composition of the stock. Fork lengths for the three different catches were compared by one-way ANOVA, and mean annulus distances from the nucleus in otoliths of carp from Lakes Crescent and Sorell, and from the River Murray in South Australia ) were compared by two-way ANOVA (sampling location x number of annuli). Differences between means were evaluated using Tukey's HSD test for unequal sample sizes (Spjotvoll & Stoline 1973) . Comparisons of growth in males and females, analyses of residuals and validation of parametric methods followed .
RESULTS
Length-Frequency Analysis
Length-frequency distributions for each of the three subsamples were approximately uni-modaL ANOVA and post hoc comparisons indicated no significant difference in FLin 1995 ( fig. lA, B ), but the mean FL for the 1996 catch was higherthan for either catch in 1995 (P < 0·001) ( fig. 1 C) . t Number of annuli counted on the calcified structure.
:j: MIR: marginal increment ratio
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Interpretability of Otoliths
Three (2·3%) of the 131 whole otoliths and 21 (18.4%) of the 114 sectioned otoliths were discarded as "uninterpretable". Interpretability was significantly lower for sectioned otoliths (X 2 = 17·95, P < 0·001).
Validation of Annulus Counts
As comparisons of whole and sectioned otoliths showed no differences in the time of annulus formation and edge characteristics, data for whole otoliths only are considered below. In the following, therefore, "otolith" may be taken to mean either whole or sectioned preparations.
In otoliths with two annuli, MIR remained high throughout the year, peaking in January ( fig. 2A ). In otoliths with three annuli, a decline in MIR was visible through January (15·5%) and February (26·5%); this rose sharply in March and decreased toward the end of the year (fig. 2B ). When annulus groups 1-5 were pooled, a different trend 
... ... 
, B) mean monthly values (± SE) of the marginal increment ratio (MIR), as a percentage of the previous increment, (c, D) percentage of fish having otoliths with an opaque or a translucent edge (under transmitted light), (E, F) percentage of fish scored as C (MIR 50%), Z (25% < MIR < 75%), or N (MIR 75%).
was observed. A decline in MIR was apparent in January, when it fell to 25-9%. This increased in February and remained high in November (74·0%), one month before the nominal birth-date ( fig. 3A) .
Otoliths with two annuli almost always had a translucent edge ( fig. 2C ), while newly-formed opaque edges were especially common in carp with three annuli captured in January (when most specimens were caught) ( fig. 2D ). In pooled annulus groups, the percentage of otoliths with an opaque edge was high in January and February but markedly lower in March, when most had a translucent margin. Translucent margins were observed also in fish caught in September-November ( fig. 3B) .
In annulus group 2, there were few otoliths with type C edges, observed in February and March. This is unexpected, given the distribution of edge types ( fig. 2E) . A pattern comparable to that noted for MIR and ETA was apparent in annulus group 3, although type Z rather than type N edges predominated in early spring ( fig. 2F ). In pooled annulus groups, type C otoliths were more abundant in January and February, and the proportions of type Nand Z edges increased in November and March-September, respectively ( fig. 3C ).
Annulus Distance
The mean annulus distance from the nucleus in whole (1-6 annuli) and sectioned otoliths (1-4 annuli) increased progressively, supporting the suggestion that ages estimated from annulus counts did reflect true ages ( fig. 4A, B) . The mean distance from the nucleus of the first three annuli in whole otoliths from River Murray carp was significantly less than that from Lakes Crescent and Sorell (P < 0·001) and, as would be expected, there were significant differences among the mean distances from the nucleus of the first three annuli (P < 0·001) (table 3),
Length-Weight Relationships
The lengths and weights of juveniles, males and females are summarised in table 4. Estimated ages were based on whole or sectioned otoliths and, when both were available for one specimen, the whole otolith was arbitrarily used. Lengthweight relationships were modelled for all aged fish (pooled sexes and juveniles). Growth parameters are shown in table 5. 
FIG. 3 -Marginal increment analysis of whole otoliths from carp in Lakes Crescent and Sorell, Tasmania (pooled annulus groups only); (A) mean monthly values (± SE) of the marginal increment ratio (MIR), as a percentage of the previous increment; (B) percentage of fish having otoliths with an opaque or a translucent edge (under transmitted light); (C) percentage of fish scored as C (MIR 50%), Z (25%
* Values for the parameters and tests of significance between sexes are shown (asymptotic standard errors were not available).
t The residual sum of squares (RSS) and the value and probability for the F-ratio test are indicated for comparisons between sexes. Since no significant differences were detected (a = 0·05) the pooled model is specified. :j: Logarithms are to base 10; E, exponential notation; FL, fork length (mm); W, weight (kg).
Discussion
Formal validation of age assessments (sensu Beamish & McFarlane 1983) by MIA was limited to otoliths for threeyear-old fish. Even so, the patterns of otolith development in two-year-old individuals (except in the January sample), and the relative distance of annuli from the nucleus in otoliths from all annulus groups in the stock, point to deposition of annual bands over 1-5 years.
The apparent lack of a new annulus in two-year-old fish at the beginning of the growing season Qanuary-February) was perplexing: the mean MIR and the edges of otoliths with two annuli were typical of fish about to form a new annulus, and inconsistent with the low marginal increments and narrow opaque edges expected from annual deposition of bands. This probably was an artefact of the method used, given the presence of a single dominant year-class and the lack of younger age groups. The length-frequency analyses clearly showed that a single cohort dominated, consisting of age-group II individuals in 1995 and group III individuals in 1996 (notations here follow Jearld 1983). Age-group I carp, on the other hand, were not abundant in the samples (two individuals in February, one in March 1995). If an arbitrary 300 mm FL is used to separate 1+ and II+ individuals (cf. pI. 1), age-group I was inconspicuous in 1995 and probably absent in 1996.
Validation of annulus counts by MIA was based on the most abundant 1993 year-class. Two specimens caught in January 1996 accounted for the peak MIR value and the presence of" aberrant" edge types; these probably were fish yet to form the new annulus laid down by other members of the same age group. All carp with two annuli (except the two specimens captured in January) were caught in 1995, and specimens with three annuli sampled during J anuaryFebruary 1996 belonged to the same cohort. The few III + specimens caught in September-November 1995 almost certainly were members of the 1992 cohort, which was represented by only two individuals in the January 1996 sample. For similar reasons, the low mean MIR for threeyear old carp in January 1996 also is probably atypical, as it relates to the dominant 1993 cohort and does not include three-year-old fish about to form an annulus at the inception of their fourth year (this is the low-abundance January 1992 cohort).
The data presented here complement studies on carp in the River Murray ) and illustrate the tolerance of age estimates to changes in the timing of reproduction. In early 1995, the period with water temperatures above the spawning threshold lasted for three weeks. However, the 1996 summer was atypical, as a rise in water temperatures above the threshold would have been expected in mid-November. This has important consequences for the estimation of a birth-date.
In the present study, 1 January was chosen, based on mean water temperatures and annulus formation in otoliths; however, a more precise estimate would be obtained by future monitoring of year-to-year variation in mean temperatures in the lakes and of carp reproduction. Further, an advantage with the proposed age adjustment methodology is that difficulties in interpreting results for small sample sizes and! or pronounced annual variation in recruitment are buffered, so that atypical individuals are assigned to the correct annulus group. The versatility of the method, a mathematical implementation to graphical representations of the edge interpretation problem (Francis et aL 1992) , becomes evident if the following is postulated.
In the unlikely case of a fish stock where all age classes form an annulus at the same time (birth-date), hence regardless of their age, no adjustment would be necessary, and the use of the annulus count corrections would simply have a null effect. Since variation in time of annulus formation is likely to be present in most fish stocks, adjustments are made whenever required. The smaller widths of successive annuli in Lakes Crescent and Sorell carp may reflect more severe local climatic conditions compared to those in the River Murray, and may explain the lower readability of sectioned compared to whole otoliths. In the otoliths of Lakes Crescent and Sorell carp, translucent zones (under transmitted light) appeared as dark, thin areas intercalated with wider opaque zones, and the alternations were not clear after sectioning. The narrow bands of Lakes Crescent and Sorell carp may reflect a shorter slow-growth period than in the River Murray, where temperatures exceed 15°C for most of the year Oones 1974).
